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Roughly ¼ of diesel fuel is composed of aromatics:
toluene — C6H5-CH3
xylenes —  CH3-C6H4-CH3
alkyl benzenes — C6H5-CH2CH3, C6H5-CH2CH2CH3, C6H5-CH(CH3)2, etc.
naphthalenes, thousands of other compounds, … 
Fuel decomposition in an engine (1500 K, 3 atm) leads to radical production: 
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What are the products of benzyl radical pyrolysis?
What are the pathways for fuel cracking?
Benzyl radical has a stable isomer, tropyl radical.          
Do they equilibrate?
The Nature of the Micro-Reactor
all technology of modern Chemical Physics to be applied
Our 
experiments
different micro-reactors (pulsed He, pulsed Ar, pulsed Ne, 
CW He, CW Ar) used for thermal decomposition of:
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Pioneering shock tube experiments use laser schlieren/ARAS 
to find:
C6H5CH2CH3 (+ M) → C6H5CH2 + CH3
C6H5CH2 → C7H6 + H                                  what is C7H6 ?
S.W. Benson (Proc. Comb. Inst. 1986, 21, 809-814) suggests analogy with 
phenoxy radical, C6H5O• 
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S.W. Benson conjecture
C6H5CH2
IE(C6H5CH2CH3) = 8.7734 ± 0.0007 eV 
dissociative ionization: C6H5CH2CH3+ → C6H5CH2+  + CH3
C5H4-C≡CH
C5H5
CH3 CH2-C≡CH
HC≡C-C≡CH
C6H5CH2-CH3 (+ M) → C6H5CH2 + CH3
Vibrational modes of 
C5H4=C=CH2 assigned
Angell, J. of Mol. Structure 
1971, 10, 265-273
ν4, ν9, ν11, ν22, ν28
Observed
see: paper RF12
Brown, Brice, Douberly 
un-assigned H-C≡C bands
yikes!       13C scrambling ? C6H513CH2
C5H4=C=13CD2  
m/z 91  
C5H5 ?
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tropyl & benzyl 
never interconvert 
under our 
conditions
Benson Conjecture 
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Conclusions: 
•  Micro-reactors useful for high temperature (1000 K — 1700 K) pyrolysis 
at 50 — 200 Torr ⇒ complements shock tubes
•  Excellent molecular diagnostics: PIMS + REMPI + IR spectroscopy + 
µwave spectroscopy  ⇒ handle complex organic radicals & metastables
•  Micro-reactor to characterize all thermal cracking products (radicals, 
atoms, metastables) in first ≅ 100 µsec 
